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Abstract. Growth rate estimates for five coral reef
sponges on the Discovery Bay fore-reef are presented.
These were determined from the size of individual
sponges growing on the coral rubble that was deposited
when Hurricane Allen struck the north coast of Jamaica
in August 1980. Sponges collected in February 1986
were weighed and their growth rates determined using
the M1X program, originally developed to analyze size-
frequency data in fish populations. Sponge doubling
times were between 232 and 304 days, with evidence that
early exponential growth may be slowing down after four
years. The fastest growing sponges were those with small
populations of symbiotic cyanobacteria, indicating that
there may be a selective advantage for those sponges with
photosynthetic symbionts.

Introduction

Hurricane Allen passed within 50 km of the north
coast of Jamaica on 6 August 1980. Large seas generated
by winds in excess of 250 km per hour caused extensive
damage to the coral reefs in the vicinity of the Discovery
Bay Marine Laboratory (Woodley, 1980; Woodley et al.,
1981). The damage, however, was patchy; it was exten-
sive in some areas and minor in those areas where local
topogiaphy resulted in the attenuation or deflection of
the waves (Woodley ef al.,, 1981). Prior to the hurricane,
the fore-reef slope contained extensive, dense thickets of
Acropora cervicornis between 10 m and 25 m (Goreau
and Goreau, 1973; Pang, 1973). Some of these thickets
were destroyed, resulting in the deposition of coral rub-
ble which buried other sessile invertebrates.
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Prior to Hurricane Allen, sponge populations on the
fore-reef slope of Discovery Bay were large (Reiswig,
1973) and considered to be ecologically significant as
they could filter a volume of water equivalent to the en-
tire water column to a depth of 40 m each day (Reiswig,
1974). The only evidence of these populations in Febru-
ary 1986 was below 30 m depth where some of the exten-
sive populations reported by Reiswig (1973) remained.

Reliable estimates of the growth rates of marine
sponges generally are not available. Reiswig (1973), Day-
ton et al. (1974), and Wilkinson (1978) all attempted to
determine growth rates by measuring sponges underwa-
ter, however their estimates were not particularly suc-
cessful. More accurate estimates were obiained by Wil-
kinson and Vacelet (1979) who transplanted Mediterra-
nean species onto plastic plaques for subsequent periodic
measurement. These techniques, however, involved
trauma to the specimens and were time consuming.

Sponge populations were surveyed on the north coast
of Jamaica as part of a larger study (Wilkinson, 1987).
The site chosen off the Discovery Bay Marine Labora-
tory was covered by a dense bed of Acropora rubble in
excess of halfa meter thick, which had accumulated dur-
ing Hurricane Allen. This bed covered large areas with
no evidence of the previous coral or sponge fauna. The
site, however, did contain numerous small sponges and
coral colonies growing on pieces of the rubble. This study
reports the estimated growth rate of one sponge species
from 20 m on the fore-reef slope off Discovery Bay. Four
other species were collected, and speculative doubling
rates are presented based on the rate estimated for the
first species, Pseudoceratina crassa.

Materials and Methods

Specimens of five massive sponge species were col-
lected in February 1986 from 20 m depth, approximately
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1 km to the west of the Discovery Bay Marine Labora-
tory (see Goreau and Goreau. 1973, for site description).
Care was taken to sclect only regular-shaped animals
(presumably derived from a single larva) which were at-
tached to rubble and without obvious signs of predation
damage. The ces were welghed after draining for ap-
proximately seconds and the volume measured by
displacement in water. Estimations of dry weight were
made on 5 individuals of each species after drying for 36
h at §O°C.

The size-class structure of the Pseudoceratina crassa
population was estimated using the MIX program of
Macdonald and Pitcher (1979; Macdonald and Green,
1986). MIX is an interactive program used to fit distribu-
tions to grouped data by maximum likelihood estima-
tion. The program has been used effectively in the analy-
sis of fisheries size-frequency data where the groups rep-
resent successive year classes. For P. crassa, it was
assumed that there were five size groupings representing
the recruitment from five annual spawning events be-
tween Hurricane Allen and the date of collection. To test
this assumption, all possible combinations of groups
from two to ten were tried, but a significant fit was only
obtained for five groups. The mean size of sponges in
each size-class was determined from the significant fit ob-
tained to the size-frequency data with the MIX program.
These mean values for each size-class were analyzed us-
ing a least squares regression to provide an exponential
growth model (W, = ae”') from which the relative growth
rate o was estimated.

Growth rates for the other four sponge species could
not be obtained by the same method due to the himited
number of specimens. Growth rate approximations for
these species were derived using the growth model from
P. crassa. 1t was assumed that the average size at 50 days
after spawning was the same for all species. Exponential
growth curves were then derived using simultancous
equations starting with a wet weight at 50 daysof 2.93 g
(as for P. crassa) and the weight of the largest individuals
at the date of collection. The age of these individuals was
defined as the number of days between the first spawning
after Hurricane Allen and the date of collection. Dates
for spawning of these species were extracted from the few
observations of mass release of sperm reported in the lit-
erature (Reiswig, 1983; Hoppe, 1988).

Results

The most prevalent sponge in this area, Pseudocera-
tina crassa, has an approximate doubling time of 8.5
months (257 days) with individuals after 5 years weigh-
ing, on average, 350 g wet weight (Fig. 1: Table 1).

Growth rate estimates for the other four sponges sug-
gest that the doubling times are between 7.6 and 10
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Figure 1. Pseudoceratina crassa growth curve prepared {from MIX

program analysis of sponge wet weights on the eollection date in Febru-
ary 1986. The mean size for the five size-classes with standard errors
are positioned a1 the suggested date of spawning (solid arrows) in May
of each ycar. Hurricane Allen occurred on 6 August 1980. The expo-
nential growth curve (W, = ae™. where a = 2,567, « = 0.00270, and t
= days since spawning) is represented by the curve drawn through the
open circles. which are derived “mean sizes™ for time year classes.

months (232 and 304 days). These species were less
abundantin the area surveyed, hence fewer samples were
available for growth rate analysis. Confidence in these
estimates is substantially lower than for P. crassa, espe-
cially for Agelas dispar (Table ).

The full data sets for the five species are listed in Figure
2 with the estimated mean size of each year-class. It was
assumed that there were five spawning events after Hur-
ricane Allen in August 1980, and that each spawning
event contributed individuals to the population. In the
casc of Ircinia felix, the position is different in that there
are possibly two annual sperm release events, one in Oc-
tober and another in February. Six year-classes are repre-
sented on Figure 2 assuming an October release, al-
though it must be recognized that semi-annual classes
could exist. The largest sponges arc assumed to have
arisen from larvae settling within two months of the hur-
ricane, hence. the estimated growth rates are the most
conservative, For the other species, there is a presumed
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Table 1

Estmated growth rate parameters for sponge species at 20 m on the fore-reef slope of Discovery Bay, Jamaica

o Dry Wt. Vol.
Spawning Abundance No. Doubling Growth Growth Size g
Sponge date used m™ collected time days  const. « const. a 5 years Wet Wt Wet Wi,
Pseudoceratina 28 May 0.57 135 257 0.00270 2.567 354 0.175 +.021 0946 +.023
crassa o
Ireimia felix 14 February 0.12 54 235 0.00295 2.535 552 0.154 £ .032 n
1 October
Ferongula 14 March 0.05 39 232 0.00294 2.531 587 0.108 = .023 0.927 +.034
ardis j |
Swmenospongia 14 March 0.02 48 304 0.00228 2.621 168 0.i155+.013 930 + .050
anrea S
Agelas dispar 20 July 0.05 17 250 0.00277 2.557 404 0.150 = 013 n

Spawning date§ used in the exponential equations are from Reiswig (1983) and Hoppe (1988). Abundance reports incidence m 2 in 120 m’
surveys reported in Wilkinson (1987). The doubling times and growth constants « and a are from the exponential equation W, = ae™ which was
used to estimate size (wet weight) after 5 years. Dry weight 10 wet weight and volume to wet weight ratios plus standard deviations are included for

comparison with other studies: n, no data available.

lag of 6.3 to 11.5 months between the date of the hurri-
cane and the first spawning event.

Discussion

Hurricane Allen presented the opportunity to estimate
the growth rates of some Caribbean reef sponges. These
estimates, although approximate, represent rare exam-
ples of sponge growth rate statistics at the early stages of
growth. A similar opportunity was used by Scoffin and
Hendry (1984) to assess the effects of Hurricane Allen on
the recruitment of sclerosponges to the Discovery Bay
reef.

The estimated growth rates of the five species indicate
doubling times in the range 232-304 days, i.e.. all in-
crease by more than 100% per annum. These exceed the
rates reported during studies of larger specimens of coral
reef sponges (Reiswig, 1973; Wilkinson, 1978). These
rates are only applicable to young sponges in the early
exponential stage of growth, and cannot be extrapolated
to larger sponges where proportional growth rates are
considerably less (Reiswig, 1973). There is evidence in
Figure 1 that the rate of growth of Pseudoceratina crassa
is slowing down after four years with the fifth year-class
sponges being 40 g (15%) smaller than sponges predicted
from unrestricted exponential growth. A reduction in
growth rates after the early, exponential phases of growth
was observed by Reiswig (1973) for three large sponge
species on the Discovery Bay reef.

These estimated growth rates are considered more use-
ful than those recorded previously for coral reef sponges.
The estimates are conservative as it is assumed that the
larger sponges resulted from larvae settling out within the
first year of Hurricane Allen. If the larger sponges re-
sulted from later settlings, then more rapid growth rates

would apply. The estimates were based on measure-
ments of differences in biomass (both wet and dry weight
measurements), whereas in previous studies growth rates
were based on estimated changes in the size of large, ir-
regular specimens underwater.

The assertion that these estimates may be more reli-
able depends on several assumptions:

(1) All sponges in the region surveyed were destroyed
by the hurricane. The specimens collected origi-
nated from newly settled, individual larvae pro-
duced by undamaged populations from deeper
water;

(ii) The individuals collected, particularly the large
ones, originated from single larvae;

(iii) The sponge species examined produce recognizable
size classes which can be related to annual or semi-
annual spawning events;

(iv) The largest sponges resulted from larvae which set-
tled out within the first year after Hurricane Allen.

With respect to assumption (i), destruction in the re-
gion surveyed in 1986 was extensive; no large corals (e.g.,
Montastrea annularis) or sponges survived. The area is
seaward of site B in Woodley er al. (1981) where there
was extensive damage to gorgonian colonies. This site
(similar in profile to E in Fig. 1 of Woodley et al., 1981)
was fully exposed to wave action because it slopes gently,
thereby acting as the final repository for considerable
amounts of Acropora rubble from shallower depths.
Hence, it is unlikely that any sponge fragments survived
in this habitat. All sponges appeared to be individuals
that had settled on the rubble.

Of the five sponges present in sufficient numbers to
warrant collection for this study, three form distinct.
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Figure 2. The data set of wel weights (natural loganthmic seale) of
lhe five sponge species from 20 m depth on the Discovery Bay fore-
reef. The arrows to the left of the Pseudoceratina crassa data set repre-
sent the sizes of the year-classes obtained from the MIX program,
whereas the arrows to the right of each data set are the year-class sizes
from exponential growth curves based on the curve denived from the
P. crassa data.

massive shapes that vary little with size. Smenospongia
aurea, Verongula ardis, and Agelas dispar all are erect,
discrete sponges: the first two have a single osculum. It is
assumed with confidence that the individual sponges of
these three species grew from single larvae. This assump-
tion is more difficult with the other two species. /[rcinia
felix forms irregular, hemispherical mounds which can
fusec with adjacent specimens. Pseudoceratina crassa
commences as a conical-shaped mound with a single os-
cule. These mounds divide as the sponge grows, eventu-
ally forming a series imilar-shaped mounds. Thus, in
larger specimens it is ditficult to differentiate between
larger single sponges and smaller ones that have fused. In
all of these sponges, however, it is unlikely that geneti-
cally compatible individuals have settled close enough to
fuse when individual density is less than 1 m™2. There-
fore. the possibility that the larger specimens have

formed from the fusion of smalier individuals is regarded
as remote.

Knowledge on sponge age-classes [assumption (in)] is
lacking. Very little is known about sponge reproduction
in situ, and even less ts known of settlement from pelagic
larvae. Most reports of periodicity in sponge breeding
have come via divers’ observations of mass releases of
spermatozoa. In general, Caribbean sponges appear 10
have one or possibly two major spawning events per an-
muon (Reiswig, 1983: Hoppe, 1988). For P. crassa, there
is one report of several individuals spawning in May: an-
other species of Ircinia produces mature sperm in Sep-
tember/October and again in February; other verongids
like S. aurea and V7. ardis spawn in February/March:; and
five of six reports lor sgelas species report a single
spawning event in July. From these meager observations,
the only conclusion is that there is apparently only one
and possibly two spawning events per annin for most
Caribbean sponges.

After considering these assumptions and the associ-
ated constraints, these growth estimates can only be con-
sidered indications of the rates for these species until
more accurate measures are obtained. If assumption (iv)
isincorrect. then these rates underestimate in siti growth
of these sponges. While the rates apply to only five spe-
cies at one depth on the Discovery Bay fore-reef, they
are indicative of three different Orders. These estimates
exceed those reported previously for marine sponges.
Reiswig (1973) reported that two species on the same reef
had barely detectable growth rates, whereas another spe-
cies, Mycale laxissima, had an annual growth rate of
60%. Wilkinson (1978) reported little or no growth for
three species of Great Barrier Reef sponge. but Neofibu-
laria irata had a mean growth rate of 33%. The doubling
rates reported by Wilkinson and Vacelet (1979) varied
from 19 weeks to 1 year., but these were for small Medi-
terranean sponges measured for the period of optimal
growth.

The range of growth doubling times of 7.6 to 10
months at 20 m depth indicates that it will take a mini-
mum of 4 to 6 more years for the sponge biomass to ap-
proach that reported to exist prior to the hurricane (Reis-
wig. 1973) or found on other Caribbean reefs at the same
depth where individuals of all 5 species attain sizes in
excess of 1 kg wet weight (Wilkinson, 1987). The species
composition of the developing sponge population at Dis-
covery Bay is considerably different to that studied by
Reiswig (1973). In 1973, there were at Ieast 100 sponge
species on the fore-reef slope in front of Discovery Bay,
whereas only 20 species were evident in an arca of 120
m? in carly 1986 (approximately half that found on other
comparable Caribhean reefs: Wilkinson, 1987).

Thesc apparently rapid rates of sponge growth indicate
that there is an adequate supply of organic nutrient.
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These species would rely almost entirely on the removal
of organic matter from seawater for nutrition as none
are phototrophic (Wilkinson, 1983). However, two of the
species do have small populations of symbiotic cyano-
bacteria which may augment the amount of nutrient re-
moved from the seawater through the translocation of
fixed nutrient carbon (Wilkinson, 1979). These two
sponges. Ircinia felix and Verongula ardis, showed the
most rapid growth rates and it is possible that the in-
creased growth over the other species may be attributable
to supplemental nutrition from the symbionts.
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